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-ABSTRAOT- 

An analysis is made to identify the parameters which 

determine the altitude of stabilization defined as the altitude at 

which the angle of attack rate first vanishes for slowly tumbling 

re-entry vehicles.    The analysis is limited to small tumble rates 

and angles of attack which allow the assumptions of Cm - Cm 0£ 

and Cm     = constant respectively.    An expression is derived which 

implicitly relates the altitude of stabilization to (1) the initial de- 

scent velocity,   Vg sin y,   (2) the atmospheric scale height,   (3) a 

vehicle stability parameter,   Cm     Al/l,and (4) the quantity (a0/a0). 

The important result is the fact that the initial angle of attack and 

initial tumble rate,   i. e. ,   aQ and dQ respectively,   appear only as 

a ratio,   n0/^o'   tne remaining parametric quantities being proper- 

ties of the vehicle,   the atmosphere,   and the trajectory. 

u, 
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NOMENCLATURE 

„ 2 
A characteristic area,   ft 

c s    inverse scale height -   l/l7,150   ft     ,   assumed constant 

C., C.? -    constants of integration;   see Eqs.   (9a)  and (9b) 

C aerodynamic moment    coefficient 
m ' 

Cm =    ( dCm/du ) ,   assumed constant 
a 

h =   altitude,   ft. 

1 pitch moment of inertia,   slugs-ft 

J0(x) -    Bessel function of first kind of order zero 

J0'(x) (dju(x)/dx) 

1 reference aerodynamic length,  ft. 

n tumble rate,   rpm 

Ps =    stability parameter -   Cm   Al/l   (ft/slug) 

q -    dynamic pressure 

V -    velocity,   assumed constant 

x -    defined by Eq.   (4) 

Y0(x) =   Bessel function of second kind of order zero 

Y0'(x) -    (dY()(x)/dx) 

ii angle of attack 

a -   da/dt 

(i ' =   da /dx 

# re-entry path angle,   assumed constant 

Ä Euler's constant      1.78 

.      , -ch 
p atmospheric density      P\\v 

pR reference density      .156 slug/ft 
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U) a 
•   aerodynamic oscillation frequency =   vqP    rad/sec 

Subscripts 

0 = initial re-entry conditions 

1 s conditions at a  -  0 first time 

Z - conditions at n =  0  second time 
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ANALYSIS 

When a re-entry vehicle is traversing the altitude regime during 
which the aerodynamic forces are beginning to become strong enough to 
influence body motion,   the analysis of such motions can be made with con- 
siderable simplification.    These simplifications are itemized below and 
will be incorporated in the analysis to follow: 

(1) The path angle is relatively constant. 

(2) The velocity is nearly constant. 

(3) Aerodynamic damping can be neglected. 

Furthermore,   this analysis assumes that the re-entry vehicle is: 
(a) non-spinning,   (b) tumbling in a plane which contains the flight velocity 
vector,   (c) not experiencing normal forces,   (d) oscillating with a linear 
moment coefficient; i. e. ,   Cm     is a constant.    Under the preceding assump- 
tions,   the differential equation of motion becomes: 

(1) 

x     J 
Equation (1) can be rewritten as: 

'At    +     (    fa-     ?.W-0 (la) 

where P        stability parameter      - (Cm     Al/l). 

The stability parameter reflects both geometric and mass charac- 
teristics of the re-entry vehicle.    Since only stable vehicles with linear 
restoring moments will be treated,   the stability parameter will always be 
a positive number.    The frequency of oscillation or "aerodynamic fre- 
quency" is given immediately by: 

Therefore,   the instantaneous aerodynamic frequency squared is a product 
of the dynamic pressure and stability parameter and is similar to the 
expression previously derived in Ref.    I.    Following the usual custom,  we 
assume the density can be written as: 



p.f, 
where pR = reference value of density 

c       inverse scale height 

The calculations contained in this report were made utilizing 
values of c      1 / 1 7,   150 ft" *  and p•  = .156 slugs/ft   ,  which are reasonable 
approximations over the altitude ranges of interest as shown in Fig.   1. 

At this point, it is convenient to make a change of independent 
variable.    The one dimensional equation in terms of time is rewritten in 
the form: 

c<   +   OÖJ^oC -. o (3] 

Define a new variable,   x      Z u /cV sintf    , (4) 

where        is the re-entry path angle shown in Fig.   Z.     We then proceed 
to transform the independent variable. 

^f doJ^     <±P cousin* 

Hence,   upon substituting we obtain: 

itÄ   * ci* 
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JUT   AT ' L —^~   *""-=• 

it 

4*.    dfc       >•      Su     ) *. 

Therefore,  the desired result becomes: 

— » (0«, «LsL *.   <*}<•. Aoc (5, 
At*1 A*.* *.     Ay. 

Substitution of Eq.   (5) into (3) yields the transformed equation of motion, 

OCCxN   * -!— OCUt    4-    C*c*>   =• O (6) 

The solution of Eq.   (6) immediately can be written as 

o<t%\» CtT0CM 4 Cx VocM <7a> 

cxcic, =, C, Jocx^ v C^ Td t*l 
(7b) 

Jo(x) and Yo(x) are the Bessel functions of the first and second kinds 
respectively of order zero. 

The initial conditions on the motion are prescribed as: 

where da/dt and da/dx are related by the expression 

The initial re-entry conditions become: 
a. 

[8a] 
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O<j(o)     -        C* 1— (8b) 

CJO. 
QJ o 

The constants Ci and Ci in Eqs.   (7a) and (7b) can be evaluated from the 
initial conditions given in (8a) and  (8b) plus the initial value of the quan- 
tity defined in (4),   i. e. ,   xG = 2 coa  / cV sintf. 

o 
Solving the determinant yields the following values for Ci and C^: 

r ^(v*. JQCM - °<o ^ c%g] (9b) 
^A. - 

^•<*A*f»t*p\ - T* Cy-^T^C^ 

Equations (9a) and (9b) in conjunction with equations (7a) and (7b) consti- 
tute the solution. 

The initial tumble rate,   i. e. ,   a0,   is restricted to values which 
permit the linear theory to remain valid.    Very high tumble rates would 
cause the re-entry vehicle to flip over or at best cause the angle of attack 
to become sufficiently large to invalidate the assumption of Cma   = con- 
stant,   since for most practical re-entry shapes the linearity of the restor- 
ing moment is preserved only for small or moderate angles of attack.    The 
precise limitations on the magnitude of äQ (corresponding to some initial 
altitude hQ) cannot be determined a priori.    One must first make the cal- 
culation to determine the angle of attack excursion (e.g. ,   Fig.   5) for a 
particular set of initial re-entry conditions to insure that the linear 
approximations are satisfied. 

The initial altitude (hQ) is reflected in the quantity ^&0,   which in 
turn appears in the final expressions as x0.    The quantities n0 and &0 
define the initial conditions regarding body attitude,   while the quantity 
xo reflects the initial altitude and descent velocity.    In practice,   one must 
be careful to choose an initial altitude sufficiently high so that the aero- 
dynamic restoring moments (for the given stability parameter) are initi- 
ally negligible.    At the same time,   the initial altitude must not be so high 
that the integral   f    nQ dt becomes excessively large before the aerodyna- 
mic restoring moments dominate the motion,   i.e.,   before the body flips 
or the angle becomes too large to permit the assumption CmQ - constant. 
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The initial tumble rate,   i. e. ,   a0,   is restricted to values which 
permit the linear theory to remain valid.    The limiting parameter for the 
planar case generally is the term Cm    ,  which was assumed constant.    In 
reality,   the term will vary over large ranges of a .    The degree of non- 
linearity is dependent upon the particular re-entry vehicle shape.    The 
calculations to be discussed later utilized the equations of (7a) and (7b). 

APPROXIMATE SOLUTION 

Equations (7a),   (7b),   (9a),   and (9b) are extremely untractable 
in their current form.    In most instances,   the initial conditions occur at 
sufficiently high altitudes to permit simplifications which arise from the 
fact that x0 «  1. 

For x     «  1,   we may state the following: 

TJ C*^ at - ~ j.t*a *• T.<.«_\ a - is. 

where X  = Euler's constant -   1.78. 

Using the above approximations,   the constants Ci and C-> may be 
rewritten as: 

<> •[• 
/O To( 

• 

*..i c\l svnt 

Alftn* 
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The expressions for angle of attack and angle of attack rate become: 

*«,«,*- %rr*^! r -TT- ^ <10a) 

0« 
10b) 

It is desired to determine the altitude at which the re-entry vehicle 
stabilizes,   i.e. ,   the altitude at which a = 0 for the first time.    Designate 
hi  as the altitude of the first peak of a  (a = 0 first time) and h^ as the 
corresponding position of the second peak of a  (a - 0 second time).    These 
can be determined by setting ä - 0 in Eq.  (10b). 

cvsin 
or 

11 

This equation can be solved for the quantity x in terms of the initial condi- 
tions.    The significance of Eq.   (11) is that the initial angle of attack and 
tumble rate appear as a parameter (a0/^o^'    The a    quantity is assumed 
finite in Eq.   (11).    A similar expression could be derived in terms of 
(a0/a   ).     We can conclude from Eq.   (II) that the altitude of stabilization 
for slowly tumbling re-entry vehicles may be expressed as a function of 
(a   /a  ),   in addition to the initial value x0, which reflects initial altitude 
and initial descent velocity. 

RESULTS 

The altitudes at which the angle of attack rate vanishes,   i. e. , 
a - 0,   were calculated from Eq.   (7b) and plotted in Figs.   3 and 4 as a 
function of a Q/n in the manner suggested by Eq.   (11).     The quantity n is 
taken as the tumble rate in rpm.    Also plotted in Figs.   3 and 4 are the 
results of a direct integration of Eq.   (la) by the IBM 650 machine using 
the ARDC atmosphere,   as indicated by the circles.    Fig.   3 indicates the 
altitudes (hj) at which Q = 0 for the first time as a parametric function of 
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P   ,   assuming an initial descent velocity of 8000 fps and an initial altitude 
of 400 kilofeet.    The roots of Equation (7b),   i. e. ,   CjJ   '(x) + C2Y   '(x) s 0, 
were determined by an IBM 650 digital computer.    Altnough the approxi- 
mate solution given by Eq.   (11) also would provide an accurate determina- 
tion of the argument x at which ä = 0,   the chief purpose of that result was 
to suggest the manner in which results could be correlated.    It is noted 
that the stabilization altitudes are lowered by 20 to 25 kilofeet as the sta- 
bility parameter is dropped by a factor of 5.    Fig.   4 presents the altitudes 
of the second peak,   i. e. ,  a - 0 second time in a similar manner.    The 
results of Fig.   3 show a wide variation in h, as aQ/n ranges between ±200 
deg/rpm,   while Fig.   4 indicates that the altitude of the second peak,   h2, 
is less sensitive to the value of a  /n.    For values of (a  /n) « 0,   the h, 
altitude approaches the no-tumble case asymptotically.    Similarly,   the h^ 
altitudes approach the h,  value for (a /n) « 0.    Therefore,   slow tumble 
will always increase  the altitude at which the body stabilizes. 

Figure 5 presents the peak angle of attack (at h.) vs.   the initial 
angle of attack for positive and negative tumble rates and P    -  l/2.    The 
calculations were carried out for angles of attack,   some of which in prac- 
tical situations would occur in non-linear regions of the moment curve. 
Fig.   5 is applicable to linear moment curves only,   i. e. ,   Cm - Cm     a . 
Fig.   6 indicates the variation of maximum angle of attack (aj) as    a 

a function of Ps for differing tumble rates where an initial angle of attack 
of 30° was  chosen. 

In Fig.   7 is shown the influence of the descent velocity,   i. e. , 
V sin  9    on the altitude of the first peak for various values of the Q0/n 
parameter.    For a0/n - 0,   the altitude of first peak is seen to be indepen- 
dent of descent velocity. 

CONCLUSIONS 

The linearized analysis of body dynamics in earl/ phases of re- 
entry for small tumble rates leads to the conclusion that the altitude at 
which the angle of attack rate vanishes can be correlated with the quantity 
(a0/n0),   having first defined an initial altitude,   a stability parameter,   and 
the initial descent velocity.    Further,  any finite tumble rate acts to raise 
the altitude of stabilization defined,   as the altitude at which n vanishes for 
the first time.    The altitude of stabilization is reduced with decreasing val- 
ues of Ps with the incremental decrease amounting to approximately 25 
kilofeet per factor of 5 decrease in stability parameter over the range of 
Ps investigated; i. e. ,   l/50 < Pg - Cm   Al/I < l/2,   assuming an initial 
descent velocity of 8000 fps.    The variation of initial descent velocity tends 
to raise or lower the altitude of first peak depending on the sign of the 
quantity a0/n.    For a0/n      0,  there is no variation of h, with V sin   Y . 
For descent velocities between 6000 and  10,000 fps,   the altitudes of first 
peak vary from 6 to 10 kilofeet for n  /n =  + 50 deg/rpm. 
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Fig.   Z      Re-entry geometry. 
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350-- 

250- 

V0 sin 7 = 8000 fps 

h0= 400 KILOFEET 

-200 -100 0 

ao/n~ DEG/RPM 

100 200 

Fig.   3      Stabilization altitudes.    This graph presents the altitudes of 
stabilization vs.   (a0/n) for  various values of the  stability 
parameter Ps.    Circles indicate results of exact integration 
of Eq.   (la). 
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300-- CNJ 

P  =1 

(ft/slug) 

^y- 

10 

50 

V0 sin y = 8000 f ps 

h0= 400 KILOFEET 

-200 -100 0 

ao/n~DEG/RPM 
100 200 

Fig.   4      Altitudes of second peak.     This graph presents the altitudes 
at which the angle of attack rate vanishes the second time. 
Circles indicate results of exact integration of Eq.   (la). 
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10 20 30 40 50 

INITIAL   ANGLE   OF   ATTACK,aft~DEG 

60 

Fig.   5      Maximum angles of attack.    This graph indicates the magnKude 
of the angle of attack at stabilization altitude as a function of 
initial angle of attack for P„  =  l/Z. # 

-12- 



1.0 

.8 

.6 

CD 

_l 
CO 

oT 
w 

cc .2 
Li 
H 
UJ 
5 
< 
<r 
< 
Q_ 0.1 

> 
h- .08 

_l 

CD .06 
< 
\- 
co 

.0 4 

.0 2 

n=-.25 RPM 

1 
\ \ 

a0=3o° 

-.5 .,\ 

\ 

.5o\ 

\\ 

1 
1 
\ 

\ 

\ 
20 30 40 

la.h DEG 

50 60 70 

Fig.   6      Effect of stability parameter on   | n , |   .    These curves illustrate 
the effect of Pg on   I " j I   for an initial angle of attack of 30°. 

-13- 



o 

340 

330 

jjj      320 

310 

^ 
< 300 
ÜJ 
Q_ 

»- 
(A) 
cr 290 
Li_ 

U_ 
O 

LÜ 280 
Q 
3 
»- 

270 

260 

a0/n=+50°/RPM 

• 25 

0 

-25 

Ps=  l/IO(FT/SLUG) 

6000 8000 

VQ sin y •*• f ps 

10,000 

Fig.   7      Effect of descent velocity on altitude of first peak.     This graph 
illustrates the effect of descent velocity on hi  for various values 
of a _,/n,   assuming P     =   1/10. o' ö      s 

-14- 



REFERENCES 

1.     Allen,   H.   J. ,   "Motion of a Ballistic  Missile Angularly Misaligned 
with the Flight Path upon Entering the Atmosphere and Its Effect 
upon Aerodynamic Heating,   Aerodynamic Loads and Mass Distance", 
NACA TN 4048,   October 1957,   p.   9. 

Z.    Jahnke,   E.   and Emde,   F.,   "Tables of Functions",   Dover Publica- 
tions,   Inc.,   New York,   1945,   pp.   1Z8,   1 32. 

-15- 



- 
-]

 

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

L
ab

or
at

or
y,
 E

ve
re

tt
, 

M
as

sa
ch

u
se

tt
s 

T
H

E
 

A
L

T
IT

U
D

E
 O

F 
S

T
A

B
IL

IZ
A

T
IO

N
 

FO
R
 S

L
O

T
L

Y
 T

il
t 

B
L

IN
G
 R

E
-E

N
T

R
Y
 V

E
H

IC
L

E
S

, 
bv
 R

. 
A

. 
N

ot
li

ng
.  

 J
un

e 
19

61
. 

15
 p

. 
in

ch
 i

ll
u

s.
 (

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

R
ep

or
t 

13
4;

 
A

F
B

S
D

-T
N

-6
1-

27
) 

(C
on

tr
ac

t 
A

F 
04

(6
47

>
-2

-8
) 

U
n
cl

as
si

fi
ed

 r
ep

or
t 

A
n 

an
al

y
si

s 
 i

s 
 m

ad
e 

 t
o 

id
en

ti
fy
 t

he
 p

ar
am

et
er

s 
w

hi
ch
 d

et
er

» 
m

in
e 

th
e 

al
ti

tu
d
e 

of
 s

ta
b
il

iz
at

io
n
 d

ef
in

ed
 a

s 
th

e 
al

ti
tu

de
 a

t 
w

hi
ch

 d
ie
 a

ng
le
 o

f 
at

ta
ck

 r
at

e 
 f

ir
st
 v

an
is

h
es
 f

or
 s

lo
w

ly
 t

um
- 

bl
in

g 
re

-e
nt

ry
 v

eh
ic

le
s.

   
T

he
 a

n
al

y
si

s 
 i

s 
li

m
it

ed
 t

o 
sm

al
l 

tu
m

bl
e 

ra
te

s 
an

d 
an

gl
es

 o
f 

at
ta

ck
 w

hi
ch

 a
ll

ow
 t

he
 a

ss
um

p-
 

ti
o

n
s 

of
 C

JJ
JS
 C

m
 

Ä
  

an
d 

C
^ 

  •
= 

 c
on

st
an

t 
re

sp
ec

ti
v
el

y
.  

 -A
n 

ex
p

re
ss

io
n
 i

s 
d

en
/e

d
 w

hi
ch

 I
m

pl
ic

it
ly
 r

el
at

es
 t

he
 a

lt
it

ud
e 

of
 

st
ab

il
iz

at
io

n
 t

o 
(1

) 
th

e 
in

it
ia

l 
d

es
ce

n
t 

ve
lo

ci
ty

, 
\'
p
 

si
n 

 \ 
  

, 
(2

) 
th

e 
at

n
o
'p

S
en

c 
sc

al
e 

he
ig

ht
, 

(3
) 

a 
ve

hi
cl

e 
st

ab
il

it
y
 p

ar
am

- 
et

er
,  

   
Q

n a
 A

l/
I,
 a

nd
 (

4)
 t

he
 q

ua
nt

it
y 

(a
0
/a

0
).

 T
he

 i
m

po
rt

an
t 

re
su

lt
  

is
 t

he
 f

ac
t 

th
at
 t

he
 i

n
it

ia
l 

an
gl

e 
of
 a

tt
ac

k 
an

d 
in

it
ia

l 
ni

m
bl

e 
ra

te
, 

i.
e.

, 
a Q
 a

nd
 ä

Q
 r

es
p
ec

ti
v
el

y
, 

ap
pe

ar
 o

nl
y 

as
 a

 

(   
 - 

. . 
   

 ) 

I'
M

 L
A

S
S

IF
IE

D
 

1.
   

  
R

e-
en

tr
y 

v
eh

ic
le

s-
S

ta
b
il

it
y
. 

I. 
   

  T
it

le
. 

U
.  

  N
or

li
ng

, 
R

. 
A

. 
II

I.
 

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

R
e-

 
po

rt
 

1 3
4.

 
IV

. 
A

F
B

S
IV

T
N

-M
-2

7.
 

V
. 

C
on

tr
ac

t 
A

F 
04

(6
47

)-
27

8.
 

h 
- 

U
N

C
L

A
S

S
IF

IE
D

 

U
N

C
L

A
S

S
IF

IE
D

 

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

L
ab

or
at

or
y,
 E

ve
re

tt
, 

M
as

sa
ch

u
se

tt
s 

T
H

E
 A

L
T

IT
U

D
E
 O

F
 S

T
A

B
IL

IZ
A

T
IO

N
 F

O
R
 S

LO
W

T.
Y
 T

U
M

- 
B

L
IN

G
 R

E
-E

N
T

R
Y
 V

E
H

IC
L

E
S

, 
by
 R

. 
A

. 
N

or
li

ng
.  

 J
un

e 
19

61
. 

15
 p

. 
in

ch
 i

ll
u

s.
 (

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

R
ep

or
t 

13
4;

 
A

F
B

S
D

-T
N

-6
1-

27
) 

(C
on

tr
ac

t 
A

F 
04

<
64

7)
-2

78
) 

U
n
cl

as
si

fi
ed

 r
ep

or
t 

A
n 

an
al

y
si

s 
 i

s 
 m

ad
e 

 t
o 

id
en

ti
fy
 t

he
 p

ar
am

et
er

s 
w

hi
ch

 d
et

er
- 

m
in

e 
th

e 
al

ti
tu

d
e 

of
 s

ta
b
il

iz
at

io
n
 d

ef
in

ed
 a

s 
th

e 
al

ti
tu

de
 a

t 
w

hi
ch

 t
he

 a
ng

le
 o

f 
at

ta
ck

 r
at

e 
 f

ir
st
 v

an
is

h
es

 f
or
 s

lo
w

ly
 t

um
- 

bl
in

g 
re

-e
nt

ry
 v

eh
ic

le
s.

   
T

he
 a

n
al

y
si

s 
 i

s 
li

m
it

ed
 t

o 
sm

al
l 

tu
m

bl
e 

ra
te

s 
an

d 
an

gl
es

 o
f 

at
ta

ck
 w

hi
ch

 a
ll

ow
 t

he
 a

ss
um

p-
 

ti
o

n
s 

of
 C

m
=
 Q

n 
Ä
 

an
d 

C
^,

   
= 

 c
on

st
an

t 
re

sp
ec

ti
v
el

y
.  

 A
n 

ex
pr

es
si

on
 i

s 
de

ri
ve

d 
w

hi
cn

 i
m

pl
ic

it
ly

 r
el

at
es

 t
he

 a
lt

it
ud

e 
of

 
st

ab
il

iz
at

io
n
 t

o 
(1

) 
th

e 
in

it
ia

l 
d

es
ce

n
t 

ve
lo

ci
ty

, 
V

jr
 s

in
 y
 

, 
(2

) 
th

e 
at

m
os

ph
er

ic
 s

ca
le

 h
ei

gh
t,
 (

3)
 a
 v

eh
ic

le
 s

ta
b
il

it
y
 p

ar
am

- 
et

er
,  

   
Q

ji
a
 A

l/
I,
 a

nd
 (

4)
 t

he
 q

ua
nt

it
y 

(a
0
/a

o
\

 T
he

 i
m

po
rt

an
t 

re
su

lt
  

is
 t

he
 f

ac
t 

th
at
 t

he
 i

n
it

ia
l 

an
gl

e 
of
 a

tt
ac

k 
an

d 
in

it
ia

l 
tu

m
bl

e 
ra

te
, 

i.
e.

, 
a Q
 a

nd
 ^

 r
es

p
ec

ti
v
el

y
, 

ap
pe

ar
 o

nl
y 

as
 a

 

(  
 t

m
m

   
) 

U
N

C
L

A
S

S
IF

IE
D

 
1.

   
  

R
e-

en
tr

y 
v
eh

ic
le

s-
S

ta
b
il

it
y
. 

I.
   

  
T

it
le

. 
n

.  
  N

or
li

ng
, 

R
. 

A
. 

II
I.
 

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

R
e-

 
po

rt
 1

34
. 

IV
. 

A
F

B
S

D
-T

N
-6

1-
27

. 
V

. 
C

on
tr

ac
t 

A
F 

04
(6

4'
")

-2
78

. 

U
N

C
L

A
SS

IF
IE

D
 

U
N

C
L

A
S

S
IF

IE
D

 
- 

ra
ti

o
, 

"(
j/

aQ
 ,
 t

he
 r

em
ai

ni
ng

 p
ar

am
et

ri
c 

q
u

an
ti

ti
es

 b
ei

ng
 

p
ro

p
er

ti
es

 o
f 

th
e 

ve
hi

cl
e,
 t

he
 a

tm
os

ph
er

e,
 a

nd
  

th
e 

tr
aj

ec
to

ry
. 

ra
ti

o,
 "

o/
aQ

 , 
th

e 
re

m
ai

ni
ng

 p
ar

am
et

ri
c 

q
u

an
ti

ti
es

 b
ei

ng
 

pr
op

er
ti

es
 o

f 
th

e 
ve

hi
cl

e,
 t

he
 a

tm
os

ph
er

e,
 a

nd
 

th
e 

tr
aj

ec
to

ry
. 

U
N

C
L

A
S

S
IF

IE
D

 
U

N
C

L
A

S
S

IF
IE

D
 



r 
A

vc
o-

E
ve

re
tt
 R

es
ea

rc
h 

L
ab

or
at

or
y,
 F

v
er

et
t,
 M

as
sa

ch
u
se

tt
s 

T
H

E
 A

L
T

IT
U

D
E
 O

F
 S

T
A

B
IL

IZ
A

T
IO

N
 F

O
R
 S

L
O

W
L

Y
 T

U
M

- 
B

L
IN

G
 R

E
-E

N
T

R
Y
 V

E
H

IC
L

E
S

, 
by
 R

. 
A

. 
N

or
li

ng
.  

 J
un

e 
19

61
. 

15
 p

. 
in

cl
. 

il
lu

s.
 (

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

R
ep

or
t 

13
4;

 
A

F
B

S
D

-T
N

-6
1-

2?
) 

(C
on

tr
ac

t 
A

F 
04

(6
47

)-
27

8)
 

U
n
cl

as
si

fi
ed

 r
ep

or
t 

A
n 

an
al

y
si

s 
 i

s 
 m

ad
e 

 t
o 

id
en

ti
fy
 t

he
 p

ar
am

et
er

s 
w

hi
ch

 d
et

er
- 

m
in

e 
;h

c 
al

ti
tu

d
e 

of
 s

ta
b

il
iz

at
io

n
 d

ef
in

ed
 a

s 
th

e 
al

ti
tu

d
e 

at
 

w
hi

ch
 t

he
 a

ng
le
 o

f 
at

ta
ck

 r
at

e 
  f

ir
st
 v

an
is

h
es
 f

or
 s

lo
w

ly
 t

um
- 

bl
in

g 
re

-e
nt

ry
 v

eh
ic

le
s.

   
T

he
 a

n
al

y
si

s 
 i

s 
li

m
it

ed
 t

o 
sm

al
l 

tu
m

bl
e 

ra
te

s 
an

d 
an

gl
es

 o
f 

at
ta

ck
 w

hi
ch

 a
ll

ow
 t

he
 a

ss
um

p-
 

ti
o

n
s 

of
 C

m
=
 Q

n 
<X
 

an
d 

C
n,

   
= 

 c
on

st
an

t 
re

sp
ec

ti
v
el

y
.  

 A
n 

ex
p

re
ss

io
n
 i

s 
de

ri
ve

d 
w

hi
ch

 i
m

pl
ic

it
ly

 r
el

at
es

 t
he

 a
lt

it
u
d
e 

of
 

st
ab

il
iz

at
io

n
 t

o 
(1

) 
th

e 
in

it
ia

l 
d

es
ce

n
t 

ve
lo

ci
ty

, 
V

p 
 s

in
 v

  
, 

(2
) 

th
e 

at
m

os
ph

er
ic
 
sc

al
e 

he
ig

ht
, 

(3
) 

a 
ve

hi
cl

e 
st

ab
il

it
y
 p

ar
am

- 
e
t*t

> 
  

 Q
n a

 A
l/

I,
 a

nd
 (

4)
 t

he
 q

ua
nt

it
y 

(a
 0
/a

0
).

 T
he

 i
m

po
rt

an
t 

re
su

lt
  

is
 t

he
 f

ac
t 

th
at
 t

he
 i

n
it

ia
l 

an
gl

e 
of
 a

tt
ac

k 
an

d 
in

it
ia

l 
tu

m
bl

e 
ra

te
, 

i.
e.

, 
a 0
 a

nd
 a

0
 r

es
p
ec

ti
v
el

y
, 

ap
pe

ar
 o

nl
y 

as
 a

 

U
N

C
L

A
S

S
IF

IE
D

 
1.

   
   

R
e-

en
tr

v 
v

eh
ic

le
s-

S
ta

b
il

it
y

. 
I.
 

T
it

le
. 

II
. 

N
or

li
ng

, 
R

. 
A

. 
II

I. 
A

vc
o-

E
ve

re
tt
 R

es
ea

rc
h 

R
e-

 
po

rt
 

1 3
4.

 
IV

. 
A

F
B

S
D

-T
N

-6
1-

27
. 

V
. 

C
on

tr
ac

t 
A

F
 0

4<
64

7)
-2

78
. 

r 

-
 

i 
U

N
C

L
A

S
S

IF
IE

D
 

U
N

C
L

A
S

S
IF

IE
D

 

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

L
ab

or
at

or
y,
 E

ve
re

tt
, 

M
as

sa
ch

u
se

tt
s 

T
H

E
 A

L
T

IT
U

D
E

 O
F
 S

T
A

B
IL

IZ
A

T
IO

N
 F

O
R
 S

L
O

W
L

Y
 T

U
M

- 
B

L
IN

G
 R

E
-E

N
T

R
Y
 V

E
H

IC
L

E
S

, 
by
 R

. 
A

. 
N

or
li

ng
.  

 J
un

e 
19

61
. 

15
 p

. 
in

cl
. 

il
lu

s.
 (

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

R
ep

or
t 

13
4;

 
A

F
B

S
D

-T
N

-6
1-

27
) 

(C
on

tr
ac

t 
A

F 
04

<
64

7)
-2

78
) 

U
n
cl

as
si

fi
ed

 r
ep

or
t 

A
n 

an
al

y
si

s 
 i

s 
 m

ad
e 

 t
o 

id
en

ti
fy
 t

he
 p

ar
am

et
er

s 
w

hi
ch

 d
et

er
- 

m
in

e 
th

e 
al

ti
tu

d
e 

of
 s

ta
b

il
iz

at
io

n
 d

ef
in

ed
 a

s 
th

e 
al

ti
tu

d
e 

at
 

w
hi

ch
 t

he
 a

ng
le
 o

f 
at

ta
ck

 r
at

e 
 f

ir
st
 v

an
is

h
es

 f
or
 s

lo
w

ly
 t

um
- 

bl
in

g 
re

-e
nt

ry
 v

eh
ic

le
s.

   
T

he
 a

n
al

y
si

s 
 i

s 
li

m
it

ed
 t

o 
sm

al
l 

tu
m

bl
e 

ra
te

s 
an

d 
an

gl
es

 o
f 

at
ta

ck
 w

hi
ch

 a
ll

ow
 t

he
 a

ss
um

p-
 

ti
o
n
s 

of
 C

r
a
~
 (

^j
, 

ft
 

an
d 

C
^ 

  5
  

co
ns

ta
nt

 r
es

p
ec

ti
v
el

y
.  

 A
n 

ex
pr

es
si

on
 i

s 
de

ri
ve

d 
w

hi
cn

 i
m

pl
ic

it
ly
 r

el
at

es
 t

he
 a

lt
it

ud
e 

of
 

st
ab

il
iz

at
io

n
 t

o 
(1

) 
th

e 
in

it
ia

l 
de

sc
en

t 
ve

lo
ci

ty
, 

Vf
.- 

si
n 

y 
, 

(2
) 

th
e 

at
m

os
ph

er
ic
 s

ca
le
 h

ei
gh

t,
 (

3)
 a
 v

eh
ic

le
 s

ta
b
il

it
y
 p

ar
am

- 
et

er
,  

   
Q

n a
 A

l/
I,
 a

nd
 (

4)
 t

he
 q

ua
nt

it
y 

(a
Q
/a

0
).

T
h
e 

im
po

rt
an

t 
re

su
lt

  
is

 t
he

 f
ac

t 
th

at
 t

he
 i

n
it

ia
l 

an
gl

e 
of
 a

tt
ac

k 
an

d 
in

it
ia

l 
tu

m
bl

e 
ra

te
, 

i.
e.

, 
a Q
 a

nd
 a

0
 r

es
p
ec

ti
v
el

y
, 

ap
pe

ar
 o

nl
y 

as
 a

 

,.
r 

   
) 

r 

U
N

C
L

A
S

S
IF

IE
D

 
1.

   
  R

e-
en

tr
y 

v
eh

ic
le

s-
S

ta
b
il

it
y
. 

I.
 

T
it

le
. 

II
. 

N
or

li
ng

, 
R

. 
A

. 
II

L
  

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

R
e-

 
po

rt
 1

34
. 

IV
. 

A
F

B
S

D
-T

N
-6

1-
27

. 
V

. 
C

on
tr

ac
t 

A
F 

04
(6

47
)-

27
8.

 

U
N

C
L

A
S

S
IF

IE
D

 

U
N

C
L

A
S

S
IF

IE
D

 
^

 

ra
ti

o
, 

»
(j

/a
j,

, 
th

e 
re

m
ai

ni
ng

 p
ar

am
et

ri
c 

q
u
an

ti
ti

es
 b

ei
ng

 
p

ro
p

er
ti

es
 o

f 
th

e 
ve

hi
cl

e,
 t

he
 a

tm
os

ph
er

e,
 a

nd
 

th
e 

tr
aj

ec
to

ry
. 

U
N

C
L

A
S

S
IF

IE
D

 

ra
ti

o,
 «

jj
/i

j,
, 

th
e 

re
m

ai
ni

ng
 p

ar
am

et
ri

c 
q
u
an

ti
ti

es
 b

ei
ng

 
p

ro
p

er
ti

es
 o

f 
th

e 
ve

hi
cl

e,
 t

he
 a

tm
os

ph
er

e,
 a

nd
 
th

e 
tr

aj
ec

to
ry

. 

L
 

U
N

C
L

A
S

S
IF

IE
D

 



r 
A

vc
o-

E
ve

re
tt
 R

es
ea

rc
h 

L
ab

or
at

or
y,
 

E
ve

re
tt

, 
M

as
sa

ch
u
se

tt
s 

T
H

E
 A

L
T

IT
U

D
E
 O

F
 S

T
A

B
IL

IS
A

T
IO

N
 

FO
R
 S

L
O

W
L

Y
 T

U
M

- 
B

L
IN

G
 R

E
-E

N
T

R
Y
 V

E
H

IC
L

E
S

, 
by
 R

. 
A

. 
N

or
li

ng
.  

 J
un

e 
19

61
. 

1 5
 p

. 
in

cl
. 

il
lu

s.
 (

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

R
ep

or
t 

13
4;

 
A

F
B

S
D

-T
N

-6
1-

27
) 

(C
on

tr
ac

t 
A

F
 0

4<
64

7)
-2

78
) 

U
n
cl

as
si

fi
ed

 r
ep

or
t 

A
n 

an
al

y
si

s 
 i

s 
 m

ad
e 

 t
o 

id
en

ti
fy
 t

he
 p

ar
am

et
er

s 
w

hi
ch

 d
et

er
- 

m
in

e 
th

e 
al

ti
tu

d
e 

of
 s

ta
b

il
iz

at
io

n
 d

ef
in

ed
 a

s 
th

e 
al

ti
tu

d
e 

at
 

w
hi

ch
 t

he
 a

ng
le
 o

f 
at

ta
ck

 r
at

e 
 f

ir
st
 v

an
is

h
es

 f
or
 s

lo
w

ly
 t

um
- 

bl
in

g 
re

-e
nt

ry
 v

eh
ic

le
s.

   
T

he
 a

n
al

y
si

s 
 i

s 
li

m
it

ed
 t

o 
sm

al
l 

tu
m

bl
e 

ra
te

s 
an

d 
an

gl
es

 o
f 

at
ta

ck
 w

hi
ch

 a
ll

ow
 t

he
 a

ss
um

p-
 

ti
o

n
s 

of
 C

ra
=
 Q

n 
(X
 

an
d 

C
^ 

  X
  

co
ns

ta
nt
 r

es
p
ec

ti
v
el

y
.  

 A
n 

ex
p

re
ss

io
n
 i

s 
de

ri
ve

d 
w

hi
ch

 i
m

pl
ic

it
ly
 r

el
at

es
 t

he
 a

lt
it

ud
e 

of
 

st
ab

il
iz

at
io

n
 t

o 
(1

) 
th

e 
in

it
ia

l 
d

es
ce

n
t 

ve
lo

ci
ty

, 
V

*j
 

s
j n
 y
 

t 

(2
) 

th
e 

at
m

os
ph

er
ic
 
sc

al
e 

he
ig

ht
, 

(3
) 

a 
v
eh

ic
le
 s

ta
b
il

it
y
 p

ar
am

- 
et

er
,  

   
C

n,
a
 
A

l/
I,
 a

nd
 (

4)
 t

he
 q

ua
nt

it
y 

(a
Q

,'a
0
).

 T
he

 i
m

po
rt

an
t 

re
su

lt
  

is
 t

he
 f

ac
t 

th
at
 t

he
 i

n
it

ia
l 

an
gl

e 
of
 a

tt
ac

k 
an

d 
in

it
ia

l 
tu

m
bl

e 
ra

te
, 

i.
e.

, 
a 0
 a

n
c

) 
ä Q

 r
es

p
ec

ti
v
el

y
, 

ap
pe

ar
 o

nl
y 

as
 a

 

I  
 .
..

-
  
 ) 

ra
ti

o
, 

«
o
/a

,,
 , 

th
e 

re
m

ai
ni

ng
 p

ar
ar

ne
cr

ic
 q

u
an

ti
ti

es
 b

ei
ng

 
p

ro
p

er
ti

es
 o

f 
th

e 
ve

hi
cl

e,
 t

he
 a

tm
os

ph
et

e,
 a

nd
 

th
e 

tr
aj

ec
to

rv
. 

I 
 

r 
U

N
C

L
A

S
S

IF
IE

D
 

1.
   

   
R

e-
cn

tr
v 

v
eh

ic
le

s-
S

ta
b
il

it
y
. 

I.
 

T
it

le
. 

II
. 

N
or

li
ng

, 
R

. 
A

, 
II

I. 
A

vc
o-

E
ve

re
tt
 R

es
ea

rc
h 

R
e-

 
po

rt
 

11
4.

 
IV

. 
A

F
B

S
D

-T
N

-6
1-

2"
. 

V
. 

C
on

tr
ac

t 
A

F 
04

(6
47

>-
27

8.
 

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

L
ab

or
at

or
y,
 

E
ve

re
tt

, 
M

as
sa

ch
u

se
tt

s 
T

H
E
 

A
L

T
IT

U
D

E
 O

F
 S

T
A

B
IL

IZ
A

T
IO

N
 F

O
R
 S

L
O

V
L

Y
 T

U
M

- 
B

L
IN

G
 

R
E

-E
N

T
R

Y
 V

E
H

IC
L

E
S

, 
by
 R

. 
A

. 
N

or
li

ng
. 
 J

u
n

e 
19

61
. 

15
 p

. 
in

cl
. 

il
lu

s.
 (

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

R
ep

or
t 

13
4;

 
A

F
B

S
D

-T
N

-6
1-

27
) 

(C
on

tr
ac

t 
A

F 
04

(6
47

)-
27

8)
 

U
n
cl

as
si

fi
ed

 r
ep

or
t 

A
n 

an
al

y
si

s 
 i

s 
 m

ad
e 

 t
o 

id
en

ti
fy
 t

he
 p

ar
am

et
er

s 
w

hi
ch

 d
et

er
- 

m
in

e 
th

e 
al

ti
tu

de
 o

f 
st

ab
il

iz
at

io
n
 d

ef
in

ed
 a

s 
th

e 
al

ti
tu

de
 a

t 
w

hi
ch
 t

he
 a

ng
le
 o

f 
at

ta
ck

 r
at

e 
 f

ir
st
 v

an
is

h
es

 f
or
 s

lo
w

ly
 t

um
- 

bl
in

g 
re

-e
nt

ry
 v

eh
ic

le
s.

   
T

he
 a

n
al

y
si

s 
 i

s 
li

m
it

ed
 t

o 
sm

al
l 

tu
m

bl
e 

ra
te

s 
an

d 
an

gl
es

 o
f 

at
ta

ck
 w

hi
ch

 a
ll

ow
 t

he
 a

ss
um

p-
 

ti
on

s 
of

 C
JJ

JS
 Q

,, 
Ä

  
an

d 
C

„,
   

=
 

co
ns

ta
nt
 r

es
p
ec

ti
v
el

y
.  

 A
n 

ex
pr

es
si

on
 i

s 
de

ri
ve

d 
w

hi
ch

 i
m

pl
ic

it
ly

 r
el

at
es

 t
he
 a

lt
it

ud
e 

of
 

st
ab

il
iz

at
io

n
 t

o 
(1

) 
th

e 
in

it
ia

l 
d

es
ce

n
t 

ve
lo

ci
ty

, 
V

p 
si

n 
y 

, 
(2

) 
th

e 
at

m
os

ph
er

ic
 
sc

al
e 

he
ig

ht
, 

(3
) 

a 
v
eh

ic
le
 s

ta
b
il

it
y
 p

ar
am

- 
et

er
,  

  
C

m
a
 
A

l/
I,
 a

nd
 (

4)
 t

he
 q

ua
nr

it
v 

(a
Q

,"
a 0

).
 T

he
 i

m
po

rt
an

t 
re

su
lt

   
is
 t

he
 f

ac
t 

th
at
 t

he
 i

n
it

ia
l 

an
gl

e 
of
 a

tt
ac

k 
an

d 
in

it
ia

l 
tu

m
bl

e 
ra

te
, 

i.
e.

, 
a 0
 a

nd
 a

Q
 r

es
p
ec

ti
v
el

y
, 

ap
pe

ar
 o

nl
y 

as
 a

 

U
N

C
L

A
S

S
IF

IE
D

 

U
N

C
L

A
S

S
IF

IE
D

 

( 
- 

ra
ti

o,
 "

„/
a,

, 
, 

th
e 

re
m

ai
ni

ng
 p

ar
am

et
ri

c 
q

u
an

ti
ti

es
 b

ei
ng

 
pr

op
er

ti
es

 o
f 

th
e 

ve
hi

cl
e,
 t

he
 a

tm
os

ph
er

e,
 a

nd
 
th

e 
tr

aj
ec

to
ry

. 

U
N

C
L

A
S

S
IF

IE
D

 

U
N

C
L

A
S

S
IF

IE
D

 
1.

   
  R

e-
en

tr
v 

v
eh

ic
le

s-
S

ta
b

il
it

y
. 

I.
 

T
it

le
. 

II
. 

N
or

li
ng

, 
R

. 
A

. 
II

I.
 

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

R
e-

 
po

rt
 1

 3
4.

 
IV

. 
A

F
B

S
D

-T
N

-6
1-

27
. 

V
. 

C
on

tr
ac

t 
A

F 
04

(6
47

)-
27

8.
 

U
N

C
L

A
S

S
IF

IE
D

 

U
N

C
L

A
S

S
IF

IE
D

 
H 

U
N

C
L

A
S

S
IF

IE
D

 



A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

L
ab

or
at

or
y,
 E

ve
re

tt
, 

M
as

sa
ch

u
se

tt
s 

T
H

E
 

A
L

T
IT

U
D

E
 O

F
 S

T
A

B
IL

IZ
A

T
IO

N
 F

O
R
 S

L
O

T
L

Y
 T

l 
SI

- 
B

L
IN

G
 R

E
-E

N
T

R
Y
 V

E
H

IC
L

E
S

, 
bv
 R

. 
A

. 
N

or
li

ng
.  

 J
un

e 
19

61
. 

15
 p

. 
in

cl
. 

il
lu

s.
 (

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

R
ep

or
t 

13
4;

 
A

F
B

S
D

-T
N

-6
1-

:-
) 

(C
on

tr
ac

t 
A

F 
04

<
64

7)
-:

r8
) 

U
n
cl

as
si

fi
ed

 r
ep

or
t 

A
n 

an
al

y
si

s 
 i

s 
 m

ad
e 

 t
o 

id
en

ti
fy
 t

he
 p

ar
am

et
er

s 
w

hi
ch
 d

et
er

- 
m

in
e 

th
e 

al
ti

tu
d
e 

of
 s

ta
b

il
iz

at
io

n
 d

ef
in

ed
 a

s 
th

e 
al

ti
tu

de
 a

t 
w

hi
ch

 t
he

 a
ng

le
 o

f 
at

ta
ck

 r
at

e 
 f

ir
st
 v

an
is

h
es

 f
or
 s

lo
w

ly
 t

um
- 

bl
in

g 
re

-e
nt

ry
 v

eh
ic

le
s.

   
T

he
 a

n
al

y
si

s 
is
 l

im
it

ed
 t

o 
sm

al
l 

tu
m

bl
e 

ra
te

s 
an

d 
an

gl
es

 o
f 

at
ta

ck
 w

hi
rh
 a

ll
ow

 t
he

 a
ss

um
p-

 
ti

o
n
s 

of
 C

nj
S 

C
m
 

Ok
 a

nd
 C

,,,
   

=
 c

o
n

st
an

t 
re

sp
ec

ti
v

el
y

.  
 A

n 
ex

p
re

ss
io

n
 i

s 
de

ri
ve

d 
w

hi
cn

 i
m

pl
ic

it
ly

 r
el

at
es
 t

he
 a

lt
it

u
d
e 

of
 

st
ab

il
iz

at
io

n
 t

o 
(1

) 
th

e 
in

it
ia

l 
de

sc
en

t 
ve

lo
ci

ty
, 

V
e 

si
n 

v 
 , 

(2
) 

th
e 

at
m

os
ph

er
ic
 s

ca
le
 h

ei
gh

t,
 (

3)
 a

 v
eh

ic
le
 s

ta
b
il

it
y
 p

ar
am

- 
et

er
,  

  
Q

n a
 

A
l/
I,
 a

nd
 (

4)
 t

he
 q

ua
nt

it
y 

(a
0
 "

a 0
l.

 T
he

 i
m

po
rt

an
t 

re
su

lt
  

is
 t

he
 

fa
ct
 t

ha
t 

th
e 

in
it

ia
l 

an
gl

e 
of
 a

tt
ac

k 
an

d 
in

it
ia

l 
tu

m
bl

e 
ra

te
, 

i.
e
.,
 a

Q
 

a
n
d 

a 0
 r

es
p
ec

ti
v
el

y
, 

ap
pe

ar
 o

nl
y 

as
 a

 

U
N

C
L

A
S

S
IF

IE
D

 
1.

   
  

R
e-

en
tr

v 
v
eh

ic
le

s-
S

ta
b
il

it
y
. 

I.
 

T
it

le
. 

II
. 

N
or

li
ng

, 
R

. 
A

. 
II

I.
 

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

R
e-

 
po

rt
 1
 3

4.
 

IV
. 

A
F

B
S

D
-T

N
-6

1-
27

. 
V

. 
C

on
tr

ac
t 

A
F 

04
(6

47
)-

27
8.

 

U
N

C
L

A
S

S
IF

IE
D

 

U
N

C
L

A
S

S
IF

IE
D

 

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

L
ab

or
at

or
y,
 E

ve
re

tt
, 

M
as

sa
ch

u
se

tt
s 

T
H

E
 

A
L

T
IT

U
D

E
 O

F
 S

T
A

B
IL

IZ
A

T
IO

N
 

FO
R
 S

L
O

W
L

Y
 T

U
M

- 
B

L
IN

G
 R

E
-E

N
T

R
Y
 V

E
H

IC
L

E
S

, 
by
 R

. 
A

. 
N

or
li

ng
.  

 J
un

e 
19

61
. 

15
 p

. 
in

cl
. 

il
lu

s.
 (

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

R
ep

or
t 

13
4;

 
A

F
B

S
D

-T
N

-6
1-

27
) 

(C
on

tr
ac

t 
A

F 
04

(6
47

)-
27

8)
 

U
n
cl

as
si

fi
ed

 r
ep

or
t 

A
n 

an
al

y
si

s 
 i

s 
 m

ad
e 

 t
o 

id
en

ti
fy
 t

he
 p

ar
am

et
er

s 
w

hi
ch

 d
~

te
r-

 
m

in
e 

th
e 

al
ti

tu
d
e 

of
 s

ta
b
il

iz
at

io
n
 d

ef
in

ed
 a

s 
th

e 
al

ti
tu

de
 a

t 
w

hi
ch

 t
h

e 
an

gl
e 

of
 a

tt
ac

k
 r

at
e 

 f
ir

st
 v

an
is

h
es

 f
or

 s
lo

w
ly
 t

um
- 

bl
in

g 
re

-e
nt

ry
 v

eh
ic

le
s.

   
T

he
 a

n
al

y
si

s 
 i

s 
li

m
it

ed
 t

o 
sm

al
l 

tu
m

bl
e 

ra
te

s 
an

d 
an

gl
es

 o
f 

at
ta

ck
 w

hi
ch

 a
ll

ow
 t

he
 a

ss
um

p-
 

ti
o

n
s 

of
 C

m
=
 Q

j, 
<X
 

an
d 

C
m

   
=
 c

o
n

st
an

t 
re

sp
ec

ti
v

el
y

.  
 A

n 
ex

pr
es

si
on

 i
s 

de
ri

ve
d 

w
hi

cn
 i

m
pl

ic
it

ly
 r

el
at

es
 t

he
 a

lt
it

ud
e 

of
 

st
ab

il
iz

at
io

n
 t

o 
(1

) 
th

e 
in

it
ia

l 
de

sc
en

t 
v

e'
o

ci
ty

, 
V

E
 

si
n 

v 
 , 

(2
) 

th
e 

at
m

os
ph

er
ic
 s

ca
le

 h
ei

gh
t,
 (

3)
 a
 v

eh
ic

le
 s

ta
b
il

it
y
 p

ar
am

- 
et

er
,  

   
Q

n a
 A

l/
I,
 a

nd
 (

4)
 t

he
 q

ua
nt

it
y 

(a
0

/*
a 0

).
 T

he
 i

m
po

rt
an

t 
re

su
lt

  
is

 t
he

 f
ac

t 
th

at
 t

he
 i

n
it

ia
l 

an
gl

e 
of
 a

tt
ac

k 
an

d 
in

it
ia

l 
tu

m
bl

e 
ra

te
, 

i.
e.

, 
a Q
 

a
n
d
 a

Q
 r

es
p
ec

ti
v
el

y
, 

ap
pe

ar
 o

nl
y 

as
 a

 

U
N

C
L

A
SS

IF
IE

D
 

1.
   

  
R

e-
en

tr
y 

v
eh

ic
le

s-
S

ta
b
il

it
y
. 

I.
 

T
it

le
. 

II
. 

N
or

li
ng

, 
R

. 
A

. 
II

I.
 

A
vc

o-
E

ve
re

tt
 R

es
ea

rc
h 

R
e-

 
po

rt
 1

34
. 

IV
. 

A
F

B
S

D
-T

N
-6

1-
27

. 
V

. 
C

on
tr

ac
t 

A
F 

04
(6

47
)-

27
8.

 

1
 

( 
) 

h 
U

N
C

L
A

SS
IF

IE
D

 

U
N

C
L

A
S

S
IF

IE
D

 
H 

ra
ti

o,
 «

o
/i

p
 , 

th
e 

re
m

ai
ni

ng
 p

ar
am

et
ri

c 
qu

an
ti

ti
es
 b

ei
ng

 
pr

op
er

ti
es

 o
f 

th
e 

ve
hi

cl
e,
 t

he
 a

tm
os

ph
er

e,
 a

nd
 

th
e 

tr
aj

ec
to

rv
 

U
N

C
L

A
S

S
IF

IE
D

 

ra
ti

o,
 a

0
/a

0
 , 

th
e 

re
m

ai
ni

ng
 p

ar
am

et
ri

c 
q

u
an

ti
ti

es
 b

ei
ng

 
pr

op
er

ti
es

 o
f 

th
e 

ve
hi

cl
e,
 t

he
 a

tm
os

ph
er

e,
 a

nd
 

th
e 

tr
aj

ec
to

ry
. 

U
N

C
L

A
S

S
IF

IE
D
 

. 


